The etiology of multiple sclerosis (MS) is still not well known. Previous data show conflicting results regarding the association between MS and prior brain trauma.
INTRODUCTION
Multiple sclerosis (MS) is an immune-mediated demyelination disease of the central nervous system (Compston and Coles, 2002) . According to the location of focal demyelination lesions, MS can cause a variety of neurological symptoms, including blindness, pain, paralysis, cognitive dysfunction, autonomic dysfunction and sphincter problems. MS patients may recover from acute episodes. However, limited recovery from acute episodes, further progression of MS activity and relapses of another acute attack can result in persistent neurological damage. Chronic disability and impaired quality of life are not uncommon for these patients (Compston and Coles, 2002) .
Although the pathogenesis of MS is still not well established, it is generally The NHIRD, covering nearly every TBI case in Taiwan, presents a unique opportunity to systematically explore the risk of MS following TBI. Hundreds of researchers have used the NHIRD to perform and publish their studies Chung et al., 2011) . The high validity of the NHIRD has also been reported in prior studies (Cheng et al., 2011) .
The NHIRD consists of de-identified secondary data released to the public for research purposes. After consulting the director of the Institutional Review Board (IRB) of Taipei Medical University, this study was exempted from full review.
Study Sample
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Increased Risk of Multiple Sclerosis after Traumatic Brain Injury: A Nationwide Population-based Study (doi: 10.1089 /neu.2011 .1936 7 7 This study was designed as a retrospective case-cohort study. For the study cohort, we selected all patients who visited ambulatory care centers (including emergency rooms or outpatient departments of hospitals or clinics) receiving a diagnosis of TBI or who were hospitalized with a principal discharge diagnosis of TBI (ICD-9-CM codes 801-804 or 850-854) between January 1, 2001 and December 31, 2001 (n=92,039) . These patients' first ambulatory care visits or hospitalizations for treatment of TBI in 2001 were assigned as the index use of healthcare. In order to limit the study sample to newly diagnosed cases, we excluded patients who had been diagnosed with TBI prior to 2001 (n=7,461) . In addition, in order to limit the study sample to only the adult population, we excluded patients who were less than 18 years old (n=11,788). We also excluded patients who had been diagnosed with MS (ICD-9-CM code 340) prior to their index use of health care (n=25), however, since 8 8 extract a sample of patients from the all beneficiaries of the NHIRD (n=22.60 million), the National Health Research Institute, Taiwan, released the LHID2000 to scientists for research purposes. The National Health Research Institutes, Taiwan, also ensures that there is no significant difference in the gender or age distribution between the patients in the LHID2000 and the original NHIRD.
We first excluded all beneficiaries who visited ambulatory care centers or were hospitalized with a diagnosis of TBI during the period from 1996 to 2007. We likewise excluded patients who were less than 18 years old. Then we randomly selected 218,295 beneficiaries (three for every patient with TBI) matched with the study cohort by sex and age group (<30, 30-39, 40-49, 50-59, 60-69 and >69) . We who died from non-MS causes during the six-year follow-up period in the regression modeling. Of the sampled patients, 48,151 died from non-MS causes, including 18,565 from the study cohort (25.5% of study cohort) and 29,586 from the comparison cohort (13.6% of the comparison cohort).
Statistical analysis
In this study, the SAS statistical package (SAS System for Windows, Version 8.2, Cary NC, USA) was used to perform the statistical analyses. We used the Kaplan-Meier method and the log-rank test to compare the difference in six-year MS-free survival rates between the study cohort and comparison cohort. In addition, we used stratified Cox proportional hazard regressions (stratified on sex and age group) to investigate the risk of developing MS during the six-year follow-up and to compare the two cohorts, after censoring cases that died from non-MS causes during the follow-up period and adjusting for monthly income and geographic region (Northern, Central, Eastern and Southern Taiwan) of the community in which the patient resided. We used a two-sided p-value of <0.05 as considered statistically significant for this study. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
RESULTS
The distribution of demographic characteristics of the sampled patients stratified by the presence of TBI is presented in Table 1 . Of all 124,800 sampled patients, the mean age was 43.0 years with a standard deviation of 17.4 years. The majority of the sampled patients were male (61.2%). After matching for sex and age group, we found that patients with TBI were more likely to have no monthly income (p<0.001) and to reside in communities located in the eastern and southern part of Taiwan (p<0.001), as compared to patients without TBI.
<Insert Table 1 here> Table 2 displays the percentage of patients developing MS during the six-year follow-up period after index healthcare utilization. Patients with TBI had a higher incidence of MS within the six-year period after their index use of healthcare than patients without TBI (0.055% vs. 0.037%). The incidence rate of MS was 10.51 (95%CI: (7.60-14.16) per 100,000 person-years in patients with TBI and 6.63 (95%CI: 5.30-8.20) per 100,000 person-years in patients without TBI.
The log-rank test revealed that patients with TBI had significantly lower six-year MS-free survival rates than patients without TBI (Chi-square value: 4.197; p=0.040). follow-up period, the mean time between index health care utilization and receiving the first diagnosis of MS was 623 days; 563 and 709 days for patients with and without TBI, respectively (p=0.551).
<Insert figure 1 here>
Comparison of the crude and adjusted hazard ratio (HR) of MS within the six-year periods for the study and comparison cohorts is also presented in Table 2 .
After censoring cases that died from non-MS causes, stratified Cox proportional hazard regressions (stratified on sex and age group) suggests that the HR for MS within the six-year period for patients with TBI was 1.48 (95% CI = 1.01-2.16, p=0.042) that of patients without TBI. Furthermore, after censoring cases that died from non-MS causes and adjusting for monthly income and geographic region of the community in which the patient resided, the HR of MS during the six-year follow-up period after index use of healthcare for patients with TBI was 1.49 (95% CI=1.02-2.17, p=0.041) that of patients without TBI.
<Insert Table 2 here> Since there was no severity rating available in our dataset, we used a dichotomized variable indicating hospitalization for the treatment of TBI as a proxy for severity. Table 3 reveals the results of analyses stratified on the basis of hospitalization for the treatment of TBI. The incidence rate of MS was 13.98 (95%CI: This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. 12 9.84-19.31) and 7.72 (95% CI=3.13-16.07) per 100,000 person-years in patients who had been hospitalized for the treatment for TBI and patients who had never been hospitalized for the treatment for TBI, respectively. Among patients who had been hospitalized for the treatment for TBI, the adjusted hazard of developing MS during the six-year follow-up was 1.97 (95% CI = 1.31-2.93, p<0.01) times that of comparison patients. Patients who had never been hospitalized for the treatment for TBI did not have an increased risk of subsequently developing MS when compared with comparison patients.
<Insert Table 3 here> We further analyzed age and sex distribution of MS cases between TBI and non-TBI population (Table 4 ). We found there were no significant differences in the distributions of sex (p=0.271) and age group (p=0.973) between TBI and non-TBI MS cases.
<Insert Table 4 here> This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
DISCUSSION
We found Chinese patients were at higher risk for developing MS in the six years following TBI. Several previous case-series or case-control studies have suggested trauma plays a role in increasing the risk for MS (Gusev et al., 1996; Jellinek, 1994; Lauer, 1994; Alter and Speer, 1968) . Nevertheless, recently two large-scale nationwide studies were conducted in the UK and Denmark that found no association between prior head trauma and subsequent MS (Goldacre et al., 2006; Pfleger et al., 2009) . The discrepancy between our study and these two studies could be explained by 1) the difference in study design, and 2) the difference in ethnic and environmental characteristics of the study population. The study cohort for the British and Danish studies was obtained from a registry including only hospital admissions for head trauma. In contrast, in our study, the study cohort included TBI patients identified from hospital admission, emergency room visits and ambulatory care. Therefore, the severity of TBI in the patients in the UK and Danish studies may tend to be greater than our study. Furthermore, although all three studies are nation-wide registry-based studies, use of medical services can be influenced by the characteristics of the insurance/payment system and socio-cultural factors. Therefore, data obtained from nationwide registries could reflect these differences. Considerable heterogeneity in 
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Increased Risk of Multiple Sclerosis after Traumatic Brain Injury: A Nationwide Population-based Study (doi: 10.1089 /neu.2011 .1936 This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. of pubic heath, prevention of TBI may partially reduce the burden of MS. Second, there is no data regarding specific circumstances following TBI that might be associated with MS, such as further interventions, pharmacological usage, comorbidities, and complications. These conditions may act as secondary factors in modifying the risk for MS. Further study is still needed to study the effects of specific subgroups of TBI patients and specific pharmacological approaches for altering MS risk.
Worth noting, MS may be difficult diagnose particularly in the patients with severe TBI who have already had profound neurological deficiencies. MS symptoms could be 'masked' by pre-existing neurological symptoms and signs in patients with severe TBI. Previous study has showed that co-morbidities in patients with MS can delay their MS diagnosis (Marrie et al., 2009) . Theoretically, such undiagnosed patients could lead to under-estimating the risk for MS following TBI.
Our study used a nationwide registry that provides sufficient sample size and statistical power for epidemiological investigations. This study design also prevents recall-bias regarding head trauma. Nevertheless, our study has several limitations.
First, there may be doubt about the validity of TBI and MS diagnoses. To facilitate accuracy of coding, the NHI program in Taiwan incorporates a regular cross checking system with full review of the clinical information by specialists. Therefore, it is
Increased Risk of Multiple Sclerosis after Traumatic Brain Injury: A Nationwide Population-based Study (doi: 10.1089 /neu.2011 .1936 generally believed that the quality of the NHIRD is adequate for analyzing epidemiological profiles. Supporting its strong validity, several high-quality studies have been published analyzing the NHIRD Chung et al., 2011; Cheng et al., 2011) . Second, some TBI patients may go unrecognized in our database in following circumstances: patients with mild TBI may not seek medical service or present themselves at a hospital. Furthermore, severe TBI patients could die at the scene of the accident or before arriving at the hospital and not be adequately coded in the registry. These circumstances could potentially contribute to misestimating the risk of MS in TBI patients. Third, severity of TBI cannot be clearly determined in our study due to inconsistency in the definition and classifications of the TBI coding system and the range of parameters available in the registry. How severity of TBI affects the risk for MS needs further investigation. Fourth, ascertainment bias, which means that a patient with a given disease would have higher chance of being This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Notes: TBI= traumatic brain injury; ***indicates p<0.05; Hazard ratio was calculated using stratified Cox proportional regression (conditioned on age group and sex) with cases censored if individuals died from non-brain-injury causes during the six-year follow-up period; adjustments are made for patient's geographic location and monthly income. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
